Introduction:
FES with needle EMG (electromyogram) electrodes becomes more and more important (Cheetham et al. 2011 ). The information outcome of the EMG technique by itself is limited (Kim et al. 2012) . Just the activity of a small area of the muscle can be registered. Because of the many necessary changes of the needle position by the investigator the muscle is injured with each trial to analyze its operational capability. The FES is an additional diagnostic tool and increases the possibilities to describe the paretic dysfunction. It supports the differentiation between intact and paretic parts. This is important if muscle compartments are able to fulfill different functions, like the PCA muscle (M. cricoarytenoideus posterior) of the larynx (2 or 3 different compartments Sander et al. 1993 Sander et al. , 1994 . Therapies to reduce aberrant patterns of muscle recruitment and, thus, improve muscle function (Colton et al. 2006 ) are another wide field for FES with needle electrodes. It can help to relax spasm, restore the natural muscle function (facial nerve paresis) or reduce symptoms of phantom pain. The target muscle will be impaled and stimulated often by all these techniques. In our pilot experiments we determine how intense the target muscle was injured by the insertion of hooked wire electrodes and subsequent electrical stimulation with prevalent parameters.
Material & Methods:
The left and right triceps brachii muscles of 10 female rats (Han Wistar) were impaled with monopolar hooked wire electrodes (CareFusion Injection Needle Ø 0.51 mm) and a third electrode was placed subcutaneously into the back. The left triceps muscle was stimulated with a Neurosign 100 for 1, 3 or 5 hours with 30 Hz and 1 mA (rectangular, monophasic pulses with 200 µs duration) under isoflurane anesthesia (Table 1) . Slightly contractions of the muscle were visible at the beginning. The right muscle was not stimulated and served as a control. The animals were euthanized one or four days after the last stimulation. The muscles were dissected and frozen in isopentane pre-cooled in liquid nitrogen. Serial cross sections (20 µm thick) of the muscles were prepared using a cryostat (CM1850, Leica Microsystems) and stained with toluidine blue or haematoxylin-eosin. 
Results:
In all investigated triceps muscles we observed circumscribed areas containing small basophilic (regenerating) muscle fiber profiles ( Fig. 1 A, B, C) and, less commonly, necrotic fibers surrounded by moderate cellular infiltration. These are typical signs of mechanical muscle injury and subsequent regeneration (Irintchev & Wernig 1987 ). The damaged areas could be traced in serial sections over distances of many millimeters (5-10 mm) and apparently represented penetrating wounds caused by the wire electrodes. Single injury tracks were seen in muscles impaled only once (animals 1 and 2 in Table 1 ) and multiple (3-5) tracks were found in the rest of the muscles. The extent of muscle damage was small. Injury tracks in single sections were restricted to 10 -20 fibers and the overall volume of tissue injury was certainly well below 1% of the muscle volume. Outside damaged areas, the muscle fibers had normal appearance and no cellular infiltrates were visible. No differences were detected between stimulated (left) and nonstimulated (right) muscles. 
Discussion:
The results of this pilot study indicate that repeated impalement of muscles with wire electrodes causes minimal mechanical damage and the extent of this damage is similar independent of whether electrical current has been applied via the electrodes or not. We can assume that our stimulation protocol did not have undesired side effects on muscle structure and function. This notion is supported by previous observations on muscle injuries after voluntary running in wheels (Irintchev & Wernig 1987) . Daily running episodes cause necrosis and regeneration of muscle fibers within the first two weeks of wheel exercise. Although the extent of damage may reach 25% of all muscles fibers, tissue repair is very successful and no functional deficits are observed even after numerous cycles of muscle damage and repair (Irintchev & Wernig 1987; Wernig et al., 1990 ).
